INTRODUCTION
In a sporting context, executive functions (EF) are a sub category within the theoretical frame work of the cognitive component approach, and are often described as 'game intelligence' 1 . Vestberg, Gustafson, Maurex, Ingvar, Petrovic 2 first noted that the existing body of research lacked understanding of the importance of general cognitive abilities within an athletic population. The authors proceeded to test high and low division adult soccer players on a series of non-sport specific cognitive function tests. The results revealed that soccer players outperformed the norm group for both men and women, and high division players outperformed the low division players. Since Vestberg and colleagues' paper on EF in sport, interest in measuring EF has grown.
One EF that talented soccer players consistently outperformed their lower-level counterparts on is response inhibition (i.e. the suppression of an ongoing motor response) 2,3 , among others. Thus, enhanced response inhibition may be a contributor to successful sporting performance in more talented players across all age groups, and therefore advocates for more research to investigate this EF. The importance of response inhibition in sport may be attributed to the role that it plays in the decision-making process 4 . The ability to inhibit a response results in players making fewer errors by being able to suppress acting on a decision; which is typical in soccer when a defender suddenly guards the intended receiver of a pass, and a new decision must immediately be created. Response inhibition in the EF research has commonly been assessed using simple or twochoice motor response tasks 5 . However, a simple motor response may not be representative of the stimulus-response a team-sport athlete encounters in-situ. Accordingly, a multiple-choice motor response task test may better reflect performance, as players must decide rapidly which decisions to act upon and which decisions to suppress while presented with a variety of options 6 . Moreover, not only is the task complexity simplified, the current response inhibition tests such as the stop-signal reaction test are explicit in nature. It may be speculated that the vast majority of stimuli which athletes are exposed to are hidden within the sporting environment (i.e. implicit rather than explicit), as it is impossible to consciously attend to every stimulus. Many stimuli go unnoticed during a game that may non-consciously change and/or challenge the athlete's sporting performance 7 . Therefore, the development of a new EF test that measures the impact that implicitly perceived visual cues on response time has value.
Understanding the influence that non-attentively perceived cues have on motor performance requires the contribution of the paradigm in cognitive science known as 'precueing'. Precueing is the effect that a presented stimulus has on participants' subsequent decision-making or motor behaviour, albeit an explicit or implicit stimulus 8 . A precue can influence a decision at a non-conscious level, leaving the participant with no subjective experience of having their decisions altered or to some extent, delayed 7 . For instance, in an attempt to prepare the player in possession of the ball for the movement that will occur next, a teammate may point towards their intended direction prior to the initiation of a run. However, whether the player in possession of the ball consciously or non-consciously registers the teammate's hand gesture prior to the run is not always certain.
The first studies on the effects of advanced visual information have demonstrated that if this information provides accurate information about the subsequent stimulus (congruent), it improved reaction times in comparison to non-cued trials 8 . Opposingly, response times were impaired if the precue and stimulus contradicted each other (incongruent) 9 . Although precueing has been extensively researched in mainstream psychology; the transition of research into a sporting domain may improve the understanding of response inhibition in athletes 10 .
Despite the advances of knowledge of EF in athletes, there is another noteworthy limitation. Previous methodologies have used a relatively high variation of participants' age distribution within each group. For example, Vestberg, Reinebo, Maurex, Ingvar, Petrovic 11 grouped players age ranging from 12-19 years together, and it has not yet been investigated whether more specific age-group (i.e. stratified by distinctive birth years) differences are revealed in a homogenous population of high-level athletes. From research sourced from a cognitive science domain, EF are still developing rapidly during the adolescent phase 12 . In course of normal aging, early adolescents experience an increased effectiveness to engage in deliberate, goal-orientated thought and action, and these changes are have been reported to be significantly improved between children (mean age = 8 years old) and young adults (mean age = 22.3) 13 , yet more specific age groups are not provided. Furthermore, the enhanced ability to differentiate between goal appropriate responses and goal inappropriate responses that must be supressed also continues to improve throughout the adolescent phase 14 , reflected by reduced reaction times on measures of response inhibition. Accordingly, these studies provide support towards not grouping players with differently developed EF coupled with various levels of domainspecific experience. Contrastingly, identifying specific age group reference values may provide more of a justification of which age groups share similar or distinctive EF to be combined in future studies if required. Therefore, the aims of this study were threefold. First, to investigate age-group differences on EF tests in a homogenous population of talented youth soccer players. It is hypothesised that performance on EF tests will be greater in the older groups, as more domain specific experience is expected to transfer into better EF performance. The second aim was to examine the influence of an implicit precue on response times in a precued response time task (PCRTT) as measuring implicit response processes compared to explicit measures may be more appropriate to sports where fast and accurate responses are required. It is further hypothesised that the increase in domain specific experience will also transfer into older players to act on correct information whilst also negate unimportant information, demonstrated by faster reaction times on the PCRTT. The third aim was to develop an overall EF sum score, allowing practitioners to more easily interpret and convey the results of tests to coaches and players alike.
MATERIAL AND METHODS

Participants
Seventy-four youth male soccer players (means ± SD; Age; years of experience playing soccer = Exp) from four age groups: U12 (n = 15; Age = 10.3 ± 0.6; Exp = 6.4 ± 1.7), U13 (n = 17; Age = 11.2 ± 0.5; Exp = 7.6 ± 1.7), U17 (n = 21; Age = 15.2 ± 0.3; Exp: 11.6 ± 2.5) and U19 (n = 21; Age = 16.7 ± 0.5; Exp = 12.9 ± 2.2) representing a youth academy of an elite German Bundesliga club participated in this study. Prior to commencement of this study, informed consent for all players was received, and the Institutional Ethics Committee approved this study.
Procedures and apparatus
Players conducted a battery of cognitive function tests. Each group was assessed on a separate day in the same week during pre-season. Each player was assigned to a cognitive assessment and rotated to the next free assessment. One staff member remained at each assessment station to give standardized instructions and monitor each player's performance. Each assessment had a standardized familiarisation protocol prior to commencing the experimental trials.
Vienna Test System: Determination Test
The determination test (Schufried GmbH, Austria) is a complex multi-stimuli reaction test involving the combination of five different coloured stimuli and two acoustic signals (2000 Hz high and 100 Hz low tone) for finger pressing, and two pedal stimuli for the feet. These stimuli corresponded to the pressing of appropriate buttons on the response panel and foot pedals. The determination test aims to measure reactive stress tolerance and the associated reaction speed. The participant must remain composed whilst the quick succession of the single pairing of stimuli and response lasting four minutes. 'Correct responses' describes the total number of accurate responses within the four minutes, and 'response time' is the median response time (s) from the appearance of a stimulus to pressing of the correct button.
Vienna Test System: Response Inhibition Test
The response inhibition test (Schufried GmbH, Austria) uses a stop signal paradigm. In each trial, the player is presented with an arrow either pointing left or right, to which he must respond by pressing the corresponding button. Each arrow is displayed for one second, and the time before the subsequent arrow appears is also one second. Seventy-six stimuli are 'go trials', with the other 24 stimuli having a tone at a pitch of 1000Hz for 100 ms (stop signal). The player must then supress the already initiated response, known as 'stop trials'. The time between the presentation of the stimulus and the tone is dependent on the player's performance, being that if the player responds correctly to a stop signal trial, the interval for the next stop stimuli will occur 50 ms later, and vice versa. Therefore, the correct response to the stimuli will continually progress in difficulty (minimum 50 ms; maximum 350 ms). The dependent variable that reflects the latency of the inhibitory process is stop signal reaction time (SSRT). The SSRT is calculated by deducting the mean stop signal delay from the mean reaction time (s).
Helix
The Helix (SAP, Walldorf, Germany) is a multiple object tracking assessment in which participants are asked to track multiple players at once. The player stands facing a 180º curved screen (7 m width x 2.16 m height) and must track four out of eight players. Simulated players run around a soccer field for eight seconds in a randomized fashion and return to back to the start line up. Players must then choose the four players they had to track. Players had four practice trials, and ten marked trials. The maximum score is 40.
Precued Choice Response Time Task
Participants were required to press the button on a joystick panel associated with a stimulus circle presented on the laptop screen as fast and accurate as possible. The PCRTT developed using Unity software (Unity, Version 5.4.0f3, 2016). Four blank stimulus circles were presented in a horizontal line, with one circle turning yellow in colour after a randomised (2-4 second) fore-period length. Each circle each had a diameter of 512 pixels and an edge width of 5 pixels on a 13.2-inch display. Prior to the appearance of the stimulus, a three second countdown timer was shown. After the appearance of the four stimulus circles, a small dot was appeared for 43 ms in the centre of one stimulus circle, 86 ms prior to the circle turned yellow. The duration of the precue was based on prior research supporting that precue duration below the 100 ms threshold are suitable to be used as unconscious precues 15 , and a 43 ms precue has been identified as an appropriate precue length in research involving cognitive responses 16 .
Twenty-four trials were conducted. Twelve trials had the small dot appear in the same circle as the yellow dot (congruent) and the other twelve trials had the dot appear in a different circle as the yellow dot (incongruent). Response time (given in ms) was measured as the duration between the appearance of the stimulus circle (turned yellow) on the computer screen and the moment the button was pressed by the participant. A visual depiction of the task used can be found in Figure 1 . 
Statistical Analysis
Following data collection, participant responses were initially analysed according to their accuracy. Responses that did not correspond with the stimulus circle (i.e. when a false response was given) were considered incorrect and the response time of the respective trial was discarded due to the low frequency of incorrect responses (n = 53). Furthermore, to highlight instances in which the participants missed the controller button or did not press it sufficiently, an outlier labelling rule was used following the methods outlined by Hoaglin, Iglewicz, Tukey 17 , and applied on an individual basis to limit within subject variance. Furthermore, the interquartile range was multiplied by 1.5, and trials with response times beyond the 25 th and 75 th percentiles ± the inter-quartile range were considered outliers and therefore discarded (n = 108). The remaining raw responses (n = 1615) from this test were grouped according to 'condition' (i.e. congruent or incongruent trials), and the mean of the correct responses from each participant in each condition was computed.
Normalized values were calculated from z-scores for all items as per: Normalized score = 100+(Z-score*15). When larger numbers represented poorer scores, the z-scores were inversed before normalization, so a higher value was associated with a better score. These normalized values were then used in two factor analyses to develop a total executive function sum score (EF sum score) for all players. An exploratory factor analysis used principal component analysis with a varimax rotation to determine the number of factors revealed within all EF assessments to assess the feasibility of one overarching EF factor, a second confirmatory factor analysis then investigated item loadings when all items were forced to load onto a single factor. Items were discarded when they were deemed to be 'unimportant', i. e. when their communality was found to be lower than 0.40. From the final factor analysis, a new EF variable was developed using each individual item's factor loading as a weighting system. Finally, (i) one Repeated Measures Analysis of Variance, (ii) two Multivariate Analyses of Variance (MANOVA) and (iii) two one-way Analysis of Variance (ANOVA) were used to investigate age-group differences in: (i) PCRTT response time where congruent-incongruent scenarios were included as a within-subjects variable, (ii) Determination Test performance with response time and correct responses entered as dependent variables and Vienna Test performance with start-stop response time and response time as dependent variables, and (iii) Helix performance score and the newly developed EF sum score. Bonferroni corrections were used to investigate multiple comparisons between age groups and partial eta squared effect sizes were used throughout to investigate the magnitude of any observed effects using Cohen 18 guidelines for interpreting effect sizes: 0.01-0.06 = small effect, 0.06-0.14 = moderate effect and >0.14 = large effect. In all analyses, partial eta squared effect sizes were calculated and the significance level was set at p <0.05. All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 24.
RESULTS
The descriptive statistics and results of (M)ANOVAs for the EF tests can be found in Table 1 . F(3,71)=33.942, p=<0.001, ES=0.59) . Post-hoc analyses demonstrated that the U12 age group had a significantly lower number of correct responses than the U17 (p=<0.001) and U19 (p=<0.001) age groups, while the U13 had poorer scores than the U19 group (p=<0.001). Additionally, the U12 group's response time was significantly slower than the U13 (p=0.018), U17 (p=<0.001) and U19 (p=<0.001), and the U13 group's response times were significantly slower than the U17 (p=<0.001) and U19 (p=<0.001) group. Post-hoc analyses demonstrated that the SSRTs were significantly slower in both the younger groups compared to the older groups. More specifically, the U12 group was slower compared to the U17 (p=<0.001) and the U19 (p=<0.001) groups, while the U13 group was also slower than the U17 (p=0.005) and U19 (p=<0.001) groups. Furthermore, response times were significantly slower in the U12 group than in the U17 (p=0.001) and U19 (p=<0.001) group, and also the U13 group was slower compared to the U19 (p=0.005) group.
Vienna Test System: Response Inhibition Test
Precued Choice Response Time Task
The repeated measures ANOVA did not reveal a significant interaction effect of congruency*age group (F(3,74)=0.33, p=0.80, ES=0.01). However, this analysis did reveal a significant within-subjects effect of congruency (F(1,74)=51.32, p<0.001, ES=0.41) and a significant between-subjects effect of group (F(3,74)=4.30, p=0.008, ES=0.15). Post-hoc analyses demonstrated that overall, responses in congruent trials were faster than in incongruent trials. More specifically, U12 players had significantly poorer overall response times than U19 players in both congruent (p=0.04) and incongruent (p=0.018) trials.
Helix
A one-way ANOVA revealed a significant age group effect for response accuracy in the Helix (F(3,74)=4.05, p=0.01, ES=0.14). A trend towards lower response accuracy was observed in the U13 group compared to the U17 (p=0.053) and U19 (p=0.053) groups, but this failed to reach statistical significance.
Executive function sum score
Based on the confirmatory factor analysis, the following coefficients were derived and were used to calculate an EF sum score that explains 60% of the variance in the derived factor: The ANOVA revealed an effect of age group on ExF score (F(3,70)=25.82, p=<0.001, ES=0.53). More specifically, U17 and U19 players had better EF than U12 and U13 players (Table 1 and Figure 2 ). 
DISCUSSION
This study used a battery of non-sport specific cognitive function tests within an elite level club's academy to investigate age-group differences on performance. The results from this study supported the hypothesis that older soccer players performed significantly better on EF tests compared to their younger counterparts in a highly talented population. In fact, significant group by performance interaction effects were observed for each test. Additionally, to the authors' knowledge, the present study is the first to demonstrate that implicit stimuli can either enhance or hinder motor behaviour in highly talented youth soccer players based off the congruency of the delivered precue.
In combination, the implicit and explicit response inhibition tests exhibited similar pattern; significant age group effects coupled with large effect sizes indicate a refinement of existing response inhibition ability with increases in age and playing experience. Distinctly, the explicit stop-signal response inhibition test revealed that not only were the younger groups (U12-13) both significantly slower compared to each of the older groups (U17-U19), but also were significantly different between each other. These findings are aligned with previous non-sport specific research stating that the ability to plan and prepare a response are apparent in early adolescence, and that during the adolescent phase is where an improved ability to more consistently filter out irrelevant responses that are not aligned with the desired task goal occurs 14 whether the magnitude of change between additional age groups that were not included in this study are as prominent during the adolescent phase. Furthermore, the PCRTT results revealed that during congruent trials, the U12 group was significantly slower than the U19 group; while in the incongruent trials, both younger (U12-13) groups were significantly slower than the U19 group. Collectively these results imply that athletes undergoing development throughout adolescence coupled with gaining more game-specific experience in rapid decision-making scenarios translates to a more refined ability to (i) use congruent precues to their advantage, and (ii) consistently negate unimportant information from incongruent precues than players with less experience. These findings could have important implications for sport coaching. For example, training a player's ability to consistently not act on irrelevant cues throughout the duration of the match has important implications for decision-making in sport. There is a myriad of examples in sport where unimportant information surrounds athletes. For example, players attempting to provide the opponent with false information to gain an advantage (i.e. a pass-fake in a team sport), or visual and auditory distractions from the crowd during a basketball free throw.
The results from the Helix were not clear enough to entirely support previous research that has reported a clear distinction between the level of athletic performance and corresponding fundamental mental capacities for learning an abstract and demanding dynamic scene 19 . However, Faubert 19 noted that rapid learning in complex and unpredictable dynamic contexts is one of the critical components required for elite performance. Therefore, the results from the current study imply that the necessary threshold for multiple object tracking performance can already be established from the amount of experience a U12 player has in high-level football (i.e. around 6 years in this case). Supporting research reported that superior perceptual-cognitive skills in elite soccer players compared to sub-elite player were already apparent at the age of nine 20 . Although, it remains difficult to determine if the elite youth players demonstrate these superior cognitive abilities because of a natural born advantage (i.e. nature) or the amount of highquality years of playing experience received prior to the assessments (i.e. nurture) 21 .
The last aim of the study was to overcome the challenge that academics and practitioners face with creating a strategy to more easily convey the results of these cognitive tests for both coaches and players. Overcoming the translation/adoption failure (i.e. where the information is not understood by the intended audience 22 ) can be difficult as measuring EF requires multiple tests with various interpretations of the results. Although the equation provided within the current study is unique to the battery of tests that were used, it demonstrated that a sum score can be used to differentiate between age groups (see Figure 2 ). Therefore, academics and practitioners could create their own unique sum score to allow for a smoother translation between the relevant results sourced from the data to the intended audience 23 . From a practical perspective, an allencompassing sum score could provide practitioners with age-group reference values from which players' performance scores could either be compared against other teammates or their own previous test results. This value can also be provided to coaches or players as an easy-to-interpret summary of each individual player or group EF performance, with the ability to provide further information of each test performance if required.
Although this study presents important findings for researchers and practitioners alike, several limitations should be acknowledged. First, this study stratified players only by their respective age groups. Thus, a more in-depth analysis of the potential independent effects such as field position, more detailed playing experience forms and the inclusion of more age groups are needed to form a focus of future research on the role of EF in soccer. Second, despite the validity and reliability of the Vienna Test System being previously confirmed by a variety of studies [24] [25] [26] , Baláková, Boschek, Skalíková 27 called for further investigation of the reliability and validity, stating that the vague design of the test in addition to laboratory conditions is not suitable to predict talent in young soccer players.
CONCLUSSION
The current study added to this growing body of research by testing the EF of distinct multiple age-groups within a high-level academy. Overall, older athletes with more experience playing soccer had better EF than younger athletes. Furthermore, noticeable improvements in EF performance can also be observed with an increase of one year in age and playing experience during early adolescence. Thus, future studies should take caution when grouping players together with multiple birth years, especially in younger populations where the magnitude of change between ages are more prominent. Lastly, the PCRTT could be used as an additional measure within an EF battery. Choice reaction time tasks are common in to assess reaction times, but only using explicit information. Therefore, the results from this implicit test could further our understanding of how athletes are able to act upon both implicit and explicit sources of visual information and in the future should be compared with additional populations.
